
CORRELATION OF THERMODYNAMIC STABILITIES 
OF CHARGE TRANSFER COMPLEXES OF 
ANTHRACENE AND CHLORANIL WITH 
THOSE OF TETRA-CYANOETHYLENE 

charge tmlsfa caulpkxcs hive been possal~~ 
taodaksioa~otuobaof~ 

. . 

ttacdttoMsustbcir-ticimportuw.AcMcio 
poiotistbcDkIs-Aldarerccionwbaetnnricnt 
a7&udsp&abavebcenbcribaiascbugctnoda 
cmpkxcs and bave been invoked M reacthl iota- 
maiktcs.Uadvayrectatlytkirrdeiotbc~a 
basbculuacatrin.Two-ticpatbwaysucqor- 
sibk,onciav~tbc~xMrtrucio- 
(ScbcmcI)mdtbcotbminwbicbcmpkxforamhnis 
a xi& m%tioll (scbcw 2). 

4 h 
A+B_Ct-pro&Et (1) 

!scbcau I 

C&A+B&oduct. (2) 

scbcmt 2 

Itcaabcr&ilysbownth8tlmkrcmdithswbacoat 
dtbcnrgcatshinalafgcexccsx,Scbcmc1ykhtbc 
cqlmtim 

hrthmae. if KJB] 4 1. tbm (3) and (4) reduce to 
k.,, - K&, md k., - C respcct.ivcly. 

Tttu~ the obsaval eathalpy of activatioo will be 
fkpedcnt 011 tile enthdpy of cmnp&x formation (AH3 
for (I) but will be hdepdmt of Aw for (2). 

i.e. AHL= AH,- +AH’ (9 

wbm AH,- is the &ah entbalpy for coavash of 
COalpkx into pro&MS. If AH0 im su!Eckotly acptive 
tbcn mgative vahm of AH&, cadd be envisaged. 
Kklcv and Milk8 hve smdki tbc kim?tics of tbc 
Dkls-A&r UMition of tetracyimoetbyklu (l?the- 

tetncprboairrik. TCNE) to 9,ltMimethyl anthruxne and 
foundtbcsou&t-after#ptiveAH~vahminavuiety 
of sohcats. Tllis stro@y s4lppOrts the postulate that the 
cbqecmsfacompkxcslicxb~tkmctimaxw- 
ttilmk ill tbc Lsch-lwer fcwztion. In view of ttleir 
mechanistic importlace,itWUdldCdtOiDVettiptctbC 

tbcmlodyuunic SW of tbcse compkxcs in the mth- 
mceneserks. 

SiaccTCNErcactsvcryrapidlywithallbuttbemost 
dcached mthracam (e.g. 9-hmo and 9.m 
diblollMXouuaccm?), tbc &tamhha of tbc tha- 
dyDlmicp===x for cmpkx formtim is 
extremely d&utt. Howeva. cmpkxcs with chbnail 
arckihcallyst&kalMlbaXctbepanmasfor 
TCNEmukl,inphci.pk,kobhcdbyvariauscor- 
relation pmcuhcs. Thu. the charge transfa mmpkxcs 
ofasaksof%tubxthtedaothmcawitlTCNEwm 
iDVCStig&dUShgthCltdUVrpecbprcopic~. 

Ttle cbokc of solvent in t!lis study h iuqmtaat since 
luMysolvaltsa?mpctcwithtbedLmorspccksint!hc 
fomarioo of compkxcs (Dot ncuxady of the charge- 
mnsfa type). Pr8usnit.z a aL” hrve mportal vahes of 
rhc xssochho colntmts for various UImxtk &mr- 
CCL, complexes iu a-kxaoc. For simple aroumbcs. ~!ICSC 
vahmaresmetwobu&edtimcasouIkrthmtbosc 
fouDd for tbc mtpoadinO CJhmnil cmplcxcs.’ 
However wbw uoamtic solvents are uxal. quite w 
lXmtiomut mcsmrytoallowforthccompctitiw 
between solvalt and dowr: Accordin& ccl4 was 
chosen as the solvent in thh work. It h8s the 8ddai 
advaotrgc that tbc results obtahd could be checked by 
an NMR method. 

Tbc mctbal of c&aiahg the assochtioa coMtmts 
relies be&y on the v&Sty of the Ben&-Hikkbraud 
relationship which in turn depends on comphnce of the 
cmpkxec with tbc m-Beer-IAlnkrt Law. Ah. 
the lmuxtanta obuiml are comeamtioo CoQstmtx (Kc). 
!Slcetbcactivitycoe5chtsminmoxtcausunknown 
mditist!mcfcmimpomlttoworkwitbasdihlte 
sohJtimupQssibk(inthiawohtbemuimumuuKm- 
tr8thof&aofandaceptofwas0.08Mthoughiamosl 

CooridenMy ku). Polk’ has c&icaIly rcvkwai 
lETL&dMdsoan’hu~~improVUilllCthod 

for case8 where tbc mochth col!staots are low. 



Aootbcr assumption in tbc Ben&-Hildcbrand ap 
proacbirthatthcst~ofthecomplexixI:I.In 
order to verify this under our codihs, @x for- 
mation between 9-trimctJtylxilyltripcyceoc and TCNE 
wax studkd. Trimctbylsilyiuh of uiptyed re&fx 
tbcmdecukmucbmoresolubkiawn-pohrsdveatx 
MdthCtliptyceatrUhChdfddiDphipkcom- 
pkxwithmorct!ixaoncnwkcukofTCNE. 
lktlEtkddCO4ltiD~V~~UKdMdtbe 

rcsd~& Job plot (Fu. I) bax a maximum at I: I stoi- 
chiomctry ad sbows 110 &LYztAbk asymmetry, tbux 
pnhdin8tbcformatioad~ordacompkxa. 

The K, vah for a series of 9- ad 9.IW 
anthraccwwitJtchlorcmilrppe~riaTabkIaadtbc 
cMrcspodieg tbwmodylmmic panmers ia Table Z 
The value of K, for 9-t-butylxnthnceae could not be 

Tab& I. compkx foIldo ccetum (Ic. Imole-‘) for 
-wilh Mthmaac-Uz5.Q 

Donor 

krthrrccn 

hlthrK~~ 

hnthrrcen 

9-kthyl- 

9+thyl- 

9-Ethyl- 

9-Propyl- 

9-l-Prcqyl- 

9-l-Butyl- 

9-k,S1- 

9-Brao- 

9.10~Dibrm- 

9.10~Dimthyl- 

5olnnt 

Ccl. 

WC1 r. 

&Cl, 

ccl, 

~0 

ccl. 

ccl. 

ccl. 

ccl. 

ccl. 

ccl. 

ccl. 

ccl. 

Kc 
3.1 

1.7 

1.0 

5.6 

2.0 

5.5 

3.8 

2.4 

3.5 

2.8 

2.4 

1.9 

10.6 

0 002 001 ow ow 
I TCNE I 

PL. 1. lob pb4 (Ikabuct va-dErirCb* 
dyl biptyaac and TCNE motl-‘) for coopkx forvrioa in 

daermiaedduetotbcsdutioasbacomingrepidly 
op&xcaltoamixin&ItisckarttwtbcK.vahbesliein 
rrchtiveJysmallnagc.SubstiMjooofbromi#rttbc9 
podtioobudydt.crxK,and9metbylsubxtitutiooshowr 
mincrcaeinK,ofkxsthrfactoroftwo.Fromthcxc 
rcxuJtxitxa?mst&ttittkcbargehaxactldlybcentruw 
fcrrcdMdthttbcamq!Jcxuarenltbe.fbctterfa- 
m&al ax mokdar comp&xcx. Simildy the absence 
dmymajorxtcrkcffcctixapparcntsinceiotbco 
alkyktaJx&xonlyxdidccrwcsocatrandsub 
dtutionbyMc,SicuwstittkifaaychangcioKe. 

Tbeentropksdformuimlkhtbcraap-8to 
-I I e.u. with tbc excepho of dindyhnthrreoe wbicb 
has a s&fhntly man m?gAtive vahbc idicative of 
rc!3trictalrotatimiotbcMagroup.Ttlccrystal~ 
of tbc 9-mctbylMt colllpkx hu bee0 
repoe4i’“Tllcmokalkr~ofthctwocompoatcrtx 
lie pardkl to ow am&r at 8 separation of 3.4s A. 
However, the chbranil doa sot lie symmetridy above 
tbeMthlaceframcw~butb~towardsolK 

COVOWO 

1. kthrrctnc 

2. 9-kthyl- 

3. 9-Ethyl- 

4. 9-Prwyl- 

5. 9-i-Prupyl- 

6. 9-i-Bulyl- 

7. 9-k1S1- 

0. 9-Brm- 

9. 9.10~Dtbrm- 

10. 9.1o-oirthyl- 

11. 9-kthyl-• 

12. Mthraaw*" 

13. klthracm~* 

l tn rotmltrllr; 

-AG- 

(crlmlr-') 

672 t SO 

1024 t 33 

982 : 49 

792 2 55 

546 f 27 

744 t 26 

662 t 40 

529 * 25 

376 r 35 

1399223 

411 : 40 

325 t 60 

127 f 50 

(Kcrlmlr-') 

3.2 : 0.4 

4.3 f 0.2 

4.1 : 0.2 

3.9 t 0.3 

3.5 t 0.2 

3.6 I 0.5 

3.5 t 0.3 

2.9 t 0.2 

2.0 : 0.2 

5.6 t 0.1 

3.2 f 0.2 

2.7 t 0.3 

2.1 rp.3 

l * In CHcla; - In CHrClr 

8.6 * 1.2 

10.8 * 0.5 

10.4 : 0.5 

10.4 ! 0.9 

9.0 I 0.7 

9.7 1 1.4 

9.4 r 0.9 

8.1 r 0.5 

8.0 f 0.8 

14.0 I 0.4 

9.4 f 0.5 

8.0 r 0.6 

8.7 1 0.8 



AG: (TCNE) = 0.91 AG: (c~) - MJO. 05) 

rhla fix both dicwpux have btea reported for 
9-lmao. and 9.1~~~~ but only tbc 
&omo &rivative ties dose to tie above line. Tbcfc m 
biwevcr emnplu wbcrc excekat hear fdatimilips 
etit bmwc~ data for two acceptors rad a 3crks of 
c~y~~~.~~~~~~~~ 
bcnzeae (T) show su& a correktion with alkyktui bee 
x.cacs where plots of logIG VJ tog&O give a 
straight line of slope 1.34.’ cofmpmdin# plots for 
chbnllil and 1JJ t&&Mensw give somewhat j%Xcr 
cerrektions txlt a line of dope t.3t was &&eed.’ It has 

1 A 23 f” Y ! lo 0 

lao -_J_..A lb 
1 --. -- 
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Tabk3.Cmdrtiwktweta~ poccarirb8ndi_forv8fialJrathnceDa 

ccsourd lmirrtion26 
POUnttJl (J.V.) lo-' x ; #JJx(a-l) 

AnthrJCWtJ 

94Jthywl- 

9-Ethyl- 

9-Bmm- 

9,lO_Dirthyl- 

9-Prcqyl- 

9-i-Propyl- 

9-(-Butyl- 

9-t-Buutyl- 

9-)c,si- 

9.1~Dlbrm- 

7.33 (lS!KlOO)* 

7.17 (165360) 

7.19 (16seoO) 

7.38 (170190) 

7.04 (162360) 

16.0 

14.8 

14.9 

16.4 

13.8 

15.0 

15.3 

15.2 

IS.2 

15.7 

16.9 

l ThR'vJlWJ in prrwth~w JW in ul.mlr-' 

E-OMIp-4.96 0 

wbcrc Ip is in eV. Ilm of AG: VI Ip aho give a @ 
stra&tIkc&whtioo(FiO.4)whicbculbcdfot 
PZ&W ltadtkaforrgiveawmbcrof 

Ahhough -maas of AG: for TCNE compkxcs 
arcvcrydacuItformthrocener,~of~,ue 
rvdh&8ndwllalp+ottal~ttbe~ 
vahm for cbbrd give all extrcdy goal tioaf cm- 
ddoowtmc9kipcisahstunity.cTabk4.F~Sl 

1. Benrrm 28.8 26.1 

2. Dlwyl 22.7 20.0 

3.PhJeJnthJrwJ 21.6 19.0 

4. (krm 20.5 19.9 

5. LphmJlrnJ 20.9 18.2 

6. Trlp)wnylmr 20.7 18.0 

7. St~lbJna 19.4 16.6 

8. 9-B m"WJacK* 16.4 14.0 

9. 9.10-O~broornthrJcrm* 16.9 14.3 



1.2 

1 I I I 

lb lb 1 

3 YI S xl," 

**c 
t f 

X b 4 c * **c Kc 

If 1.52 1.5 1.5 1.2 5.6 13 

k 1.0 1.8 1.9 1.5 8.8 18 

tt 1.66 1.8 1.8 1.5 6.2 18 

Pt l.S$ 1.6 (1.8) 1.3 7.6 18 

iPt 1.61 1.4 (1.7) 1.1 6.3 1s 

tnu 1.62 - 1.7 - - IS 

ik 1.62 1.5 (1.7) 1.3 6.3 IS 

*ssf 1.66 1.5 1.6 1.2 6.5 is 

8r 1.48 1.3 1.4 1.1 4.8 13 

9,10-Sri 1.4) 1.2 1.2 1.0 4.7 tt 

9,10-ma 1.83 2.2 .2.2 1.8 4.7 21 

4- 

b- 

c- 

d- 

*- 

f 

9 

crlculrted frq, eqns. (1) ind (10) 

c&lculrud fm rwrrgc dfffemnce betvran wlws of bc', for 

tOlE md chlorrnit fra ~HJ for I)-brom rnd 9.Wdtbruaunthrrcc 

(mf. 6 rnd pnscnt wrk. Errorr '0.3 t.crls.slr") 

crlculrted from eqn. (9) and usfng thr crx, bC*, cormlrtbm 

ulcollted fra qn. (6) 

Crlculrtrd fm 6G*, wlws~ rssufng thrt Wet VCffE) 9 bw', (chlormfl) 

FraACc l - RTlnKc using dru In calm l 

The vrlws r*rr In prmnthasfs slnm these sdstftwrits lie off the 

i _%' AG', COmel~tfon 
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Fii. 7. Rehhm& bctwml AG: (calmow') Md iohth 
pomrhlIp(calmllk-‘)formmuic aqowdsw+ibTCNEis 

ccLrtwklwJhmfuipT~6). 

1. 8enxane 9.24 

2. TOIWW 8.82 

3. 1.4~0fatJlylben2cn 8.48 

4. kpltlUlW@ 8.3 

5. 1,3,5_Wsthylknzaw 8.14 

6. S-Brocmthraam 7.38 

-81 

-422 

-b34 

-792 

-1p* 

. I a.v. = 96487.0 J . 23060.9 crl.mtr-' 

w Fmrefemnce 18 

l se Fm refww~r 6 

coqamd “mm 
Anthrrcene 625 

9-n . 675 

94t . 670 

9-Pr v 665 

9-iPr . 655 

9-t&* . 6bo 

9-m . b60 

9-ntsi I 635 

9-6.r . 610 

9.10-dlbrm - 590 

9,10-dfathyl l 125 

l blutlmr UeR op1esccnt 
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htJlrrcen 20.2 
. 25.0 
. 33.9 
. 41.5 

9-rthyl l 25.0 
. . 35.0 
I. 46.6 

9-ethyl ' 20.1 
. . 32.1 
. . 41.9 
. . 49.1 

9-PropYl l 22.6 
. . 30.2 
. . 40.0 
. . 48.9 

91 Pmpyl' 20.9 
. . 29.4 
. . 40.4 
. . 47.4 

3.4 

3.1 

2.6 

2.3 . 

5.6 

4.5 

3.3 

5.s 

4.0 

3.3 

2.9 

4.0 

3.3 

2.7 

2.3 

2.6 

2.2 

1.8 

1.6 

taoourd 2s K, 

9-i butyl l 25.0 3.5 
. . 29.4 3.3 
. . 40.5 2.6 
. . 50.6 2.1 

9-*,si . 25.0 3.0 
. . u.7 2.5 
. . 'A.5 I.9 

9-bmm l 20.7 2.8 
. . 20.7 2.5 
. . 35.2 2.3 
. . 43.4 1.9 

9.10 dimhyl4ntJmcmm 22.6 11.4 
. . 33.2 8.3 
. . 42.1 6.5 
. . 49.4 5.2 

9.10 dlbraa ' 21.2 2.0 
. . 31.1 1.7 
. . 41.9 1.5 
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